Effects of NO-Hybridization on the Immunomodulatory Properties of the HIV Protease Inhibitors Lopinavir and Ritonavir.
HIV protease inhibitors (PIs) are antiretroviral agents, which have been found to also affect several cellular processes, such as inflammation and cell progression. In studies on non-steroidal, anti-inflammatory drugs, the addition of a nitric oxide (NO) moiety has been shown to both reduce their toxicity and enhance their pharmacological efficacy. Along this line of research, several derivatives of PIs have been synthesized by covalent attachment of NO moiety to the parental molecules. Previous work has indicated that NO-hybridization of the prototypical PI, Saquinavir leads to a derivative named Saquinavir-NO that while retaining the antiretroviral effect, acquires antitumoural and immunomodulatory properties along with reduced toxicity in vitro and in vivo. These data prompted us to evaluate the effects of NO-hybridization on two other PIs, Lopinavir and Ritonavir. The two NO-derivatives were compared head to head with their parental compounds on human primary peripheral blood mononuclear cells as well as on human primary macrophages. Lopinavir-NO and Lopinavir were also screened in an in vivo model of autoimmune hepatitis. Our results prove that Lopinavir-NO exerts markedly superior effects as compared to the parental compound both in vitro and in vivo. On the contrary, Ritonavir-NO effects overlapped those of Ritonavir. These data demonstrate that NO-hybridization of Lopinavir generates a derivative with significantly stronger immunomodulatory effects that are apparently related to an action of the compound on T-cell secretory capacity. Lopinavir-NO deserves additional studies for its possible use in T-cell-mediated autoimmune diseases including, but not limited to autoimmune hepatitis.